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ABSTRACT.—The superfamily Platanistoidea (sensu Simpson 1945) includes four extant monotypic genera of mostly freshwater dolphins

(Inia geoffrensis . Pontoporia blainvillei, Lipotes vexillifer, and Platanista gangetica) and approximately 20 fossil species. Character states

diagnosing the Platanistoidea are almost entirely primitive, thus uninformative in revealing phylogenetic relationships. Recent phylogenetic

analyses question the monophyly of the group and suggest that some of the taxa are more closely related to members of the Delphinoidea (i.e., extant

and fossil dolphins, porpoises, narwhals, and belugas). Studies of soft-anatomical characters, including nasal passage anatomy and facial

musculature, have elucidated relationships within the extant Odontoceti but have not resolved the status of the Platanistoidea. Although soft-

anatomical characters often cannot be inferred from fossils, fossil taxa improve resolution, especially within the Platanistoidea. for the following

reasons: morphological diversity seen in these fossils provides insight into the variability and distribution of some osteological characters, some

fossil families (e.g., the Squalodontidae and Eurhinodelphidae) have been proposed as the nearest relatives of at least some of the extant

Platanistoidea, and some of these fossil taxa represent groups temporally close to the ancestral node, allowing more accurate resolution of the

ancestral condition at the internal nodes of the cladogram. If these fossil families are closely related to the Platanistoidea. their exclusion from

phylogenetic studies could lead to incorrect polarity assessment, incomplete views of character evolution, and specious conclusions of relationships.

Fossil taxa sometimes have been used, however, when their monophyly or phylogenetic position within the Odontoceti were in question.

Recognizing nonmonophyletic groups may effectively exclude taxa from the analysis, again decreasing the probability of recovering the true

phylogeny. The best inference of phylogenetic relationships will ultimately come from consideration of all available data, including fossil taxa.

molecular data, and soft-anatomical characters, analyzed with rigorous phylogenetic methods.

INTRODUCTION

Platanistoid (sensu Simpson 1945) river dolphins include four

extant monotypic genera of mostly freshwater dolphins found only

in the Amazon (Inia geoffrensis), Yangtze (Lipotes vexillifer), and

Ganges and Indus (Platanista gangetica) river systems and a re-

stricted area of the southwest Atlantic Ocean (Pontoporia

blainvillei). Additionally, approximately 20 fossil species, exclud-

ing fragmentary material, have been regarded as closely related to

river dolphins (Muizon 1987:13, 1988a:162). Currently, the river

dolphins are among the most endangered of all cetaceans (Brownell

et al. 1989), yet their basic biology, including their systematic

relationships, remains poorly known.

The taxonomy of the river dolphins has fluctuated for more than

100 years. Some researchers (Flower 1867; Winge 1921; Slijper

1936; Simpson 1945) have proposed a monophyletic origin for river

dolphins, placing the genera either into one family, the Platanistidae,

or into separate families within the same superfamily, the

Platanistoidea, the latter arrangement emphasizing their great mor-

phological differences. Others (Gray 1863, 1866; Miller 1918, 1923;

Kellogg 1928) have regarded the extant river dolphins as polyphyl-

etic, generally placing Pontoporia within the Delphinidae. During
the second half of this century the river dolphins' monophyly has

been widely accepted (Hershkovitz 1966;Kasuya 1973; Pilleri et al.

1982; Zhou 1982; Barnes 1985; Barnes etal. 1985;Gaskin 1985; for

opposing views see Rice 1 977; Fordyce 1 983 ), despite the characters

diagnosing the group, such as a long, narrow rostrum and elongate

mandibular symphysis, being demonstrably primitive or equivocal

at the level of the Platanistoidea. Thus the monophyly of river

dolphins has not been established on the basis of shared derived

features. Recent phylogenetic analyses question it (Muizon 1984,

1987, 1988a, 1991;Heyning 1989) and suggest that some genera are

more closely related to members of the Delphinoidea, which include

the dolphins, porpoises, narwhals and belugas. Yet none of these

analyses has attempted to incorporate all available data (i.e., some

analyses have not included fossils as terminal taxa, while others have

excluded soft-anatomical characters).
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Both Heyning (1989) and Muizon (1984, 1987, 1988a, 1991)

have attempted to reconstruct the phylogenetic relationships of

odontocete whales by using cladistic methodology, yet each used

quite different approaches. Heyning (1989) analyzed the relation-

ships of extant families of odontocetes by using a large number of

soft-tissue characters, while Muizon (1984, 1987. 1988a. 1991),

using osteological characters, focused on fossil taxa. These studies

have resolved some odontocete relationships, but some of their

hypotheses conflict. It is not my objective in this paper to compare
these hypotheses to detect the effects of fossil taxa in phylogenetic

studies, as the studies differ not only in the inclusion or exclusion of

fossils but also in the choice of characters included, method of

polarity assessment, and use of computer-assisted programs to

generate most parsimonious trees. These studies simply represent

the current state of knowledge of the relationships of odontocete

whales, within the context of which I investigate the effect of the

exclusion of fossils in resolving river dolphin relationships.

I have taken data on fossil taxa from Muizon (1984, 1987,

1988a, 1991), although his inclusion of nonmonophyletic fossil

taxa and use of fossil taxa with unresolved relationships may under-

mine his hypotheses, as will be seen below.

PREVIOUSCLADISTIC STUDIES

With the addition of fossil taxa into a phylogenetic analysis of

the Odontoceti. Muizon (1984) concluded that the river dolphins

are paraphyletic (i.e.. not including all of the descendants of their

most recent common ancestor). The fossil families included in his

studies, such as the Squalodontidae, Squalodelphidae. and Eurhino-

delphidae. are important in their being more diverse osteologically

than any extant odontocete family. When included in an analysis

with extant odontocetes. their unique combination of primitive and

derived character states introduced a greater degree of character

conflict and imposed topological changes in the phylogenetic hy-

potheses. Among the extant river dolphins, Muizon (1988a, 1991)

retained only Platanista in the Platanistoidea (Fig. la, Platanisti-

dae). He placed Pontoporia and Inia in the Inioidea, the sister taxon

to the Delphinoidea, Lipotes in the Lipotoidea. the sister taxon to

the clade including both the Inioidea and Delphinoidea.
Soft-tissue characters of the nasal passage complex, used by
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related to the group under study that are used to determine the

direction of character evolution! phylogenetically closer to the

ingroup than are extant forms. Similarly, fossil taxa, especially

those temporally close to the ancestor, should be more representa-

tive of the condition at the ancestral node. If condition at the nodes

are better known, the resulting phylogeny will better approximate
the true phylogeny (Huelsenbeck 1991). Second, fossil taxa may
provide information on intermediate character states, showing that

some characters vary continuously, although they appear discon-

tinuous in extant taxa. Without these fossil taxa such character

states may be mistakenly interpreted as nonhomologous. Third, a

fossil taxon that is a sister taxon of a living form may retain many

plesiomorphic character states and may render alternative hypoth-

eses of relationships more parsimonious (Doyle and Donoghue
1987; Gauthier et al. 1988; Donoghue et al. 1989). Potential prob-

lems resulting from the exclusion of fossil taxa can be illustrated by

examples in platanistoid systematics.

Fossils as Outgroup Taxa

Outgroup taxa are used in phylogenetic analyses to determine

the direction of character transformations, i.e., polarity of character

states. If fossil taxa represent outgroups phylogenetically closer to

the ingroup than any extant taxon, addition of these fossil taxa

could change polarity assignments at the outgroup node. Because

previous investigators have proposed that some river dolphins are

more closely related to members of the Delphinoidea, the ingroup

in investigations of the relationships of extant platanistoids must

include the Delphinoidea. Therefore, the first outgroup should be

the Ziphiidae, followed by the Physeteridae and, if necessary, the

Mysticeti and terrestrial mammals (Heyning 1989). In Muizon's

(1984. 1987, 1988a, 1991) studies including fossil taxa. the

Agorophiidae (sensu Fordyce 1981), Squalodontidae. Squalodel-

phidae. and Eurhinodelphidae represent fossil groups more closely

related to the ingroup than are some of the extant outgroups. The

effect that these additional fossils can have on polarity assessment

is illustrated by a particularly interesting and complex structure in

cetaceans, the pterygoid bone.

Cetaceans possess a pterygoid that, in some members, is di-

vided into medial and lateral lamina (Fig. 2). The condition of the

lateral lamina of the pterygoid, extending posteriorly beyond the

level of the pterygoid hamulus, varies widely in the Odontoceti,

especially among some of the extant river dolphins, and homolo-

gies are unclear (Cozzuol 1989a). For this example, however, I will

assume that all lateral lamina are homologous. The presence of the

lateral lamina of the pterygoid has been interpreted as both

plesiomorphic (Fraser and Purves 1960; Muizon 1984; Fordyce
1985) and apomorphic (Barnes 1985; Cozzuol 1989a). This charac-

ter can be polarized differently depending on whether or not fossil

taxa are considered (Figs. 3a, b). Among extant taxa, the lateral

plate is present in mysticetes (Fraser and Purves 1960), Platanista

gangetica, Pontoporia hlainvillei, some species of the Phocoenidae

(e.g., Phocoenoides dalli), and some individuals of Lagenor-

hynchus albirostris (Cozzuol 1989a). The pterygoids of the earliest-

diverging extant odontocetes, the Physeteridae and Ziphiidae, lack

a lateral lamina. The lateral lamina of mysticetes, creating a shallow

fossa in the posterior margin of the pterygoid (Fraser and Purves

1960), differs greatly from that of any extant odontocete and may
not be homologous. Therefore, by the outgroup method of

Maddison et al. (1984), the lateral lamina of extant odontocetes is

derived (Fig. 3a). Among fossil taxa, the pterygoid bears a lateral

lamina in archaeocetes, agorophiids, ziphiids (Squaloziphius

emlongi), squalodontids, squalodelphids, platanistids (Zarhachis

and Pomatodelphis), and eurhinodelphids. If the structures are ho-

mologous and some of the fossil taxa are more closely related to the

ingroup than to any extant outgroup taxon, as Muizon ( 1991 ) has

suggested, the fossil taxa imply that the lateral lamina of the ptery-

goid could be primitive in the clade including the river dolphins and

Delphinoidea (Fig. 3b).

Similarly, the size of the posterior process of the tympanic bulla

is a character whose polarity can be interpreted differently when
fossil taxa are included in or excluded from phylogenetic analysis.

The tympanies of the Physeteridae and Ziphiidae (and Mysticeti)

exhibit a large posterior process that becomes incorporated into the

cranium between the squamosal and the exoccipital suture and is

visible on the exterior of the skull. All other extant odontocetes

except Platanista exhibit a much smaller posterior process that is

no longer visible on the exterior of the cranium; Platanista has a

posterior process somewhat intermediate in size. Outgroup com-

parison of extant taxa only implies that the large posterior process
of the tympanic of physeterids, ziphiids, and mysticetes is primitive
and the small posterior process is derived. Muizon ( 1984), however,
found that the posterior process of Platanista resembles that of

agorophiids and considered this moderately small posterior process
as the plesiomorphic condition in odontocetes. Therefore, he con-

sidered the enlarged posterior process of physeterids and ziphiids

derived, constituting a synapomorphy uniting the two families and

and their fossil relatives into a monophyletic group. He considered

the much smaller process of the Lipotoidea, Inioidea, and Delphi-
noidea to be a derived condition representing a synapomorphy of

that clade.

A character traditionally used to unite the river dolphins is their

elongated mandibular symphysis. Indeed, all of them possess a

mandibular symphysis measuring over one-half of the total length
of the mandible. Heyning ( 1989), however, found that agorophiids,

eurhinodelphids, and Steno (a delphinid) also possess elongated
mandibular symphyses. Because the origin and taxonomic distribu-

tion of an elongated mandibular symphysis was unclear, Heyning

gave it less weight, though he considered this character derived,

having evolved independently three times, in Physeteridae. Pla-

tanistidae. and Iniidae. If the relationships of fossil and extant

odontocetes proposed by Muizon ( 1988a. 1991 ) are correct and the

elongated mandibular symphysis is derived, the character must

have evolved independently seven times, in agorophiids,

physeterids, eurhinodelphids, platanistids. Lipotes, iniids, and

Steno. If the elongated symphysis is primitive for toothed whales,

however, its independent loss in Kogia, ziphiids, and delphinioids

and reappearance in Steno requires only five steps. With the addi-

tion of fossil taxa it is no longer more parsimonious to use the

presence of an elongated mandibular symphysis to unite any of the

river dolphin species.

Fossil Taxa and Increased Diversity of Character States

Fossil taxa can also affect phylogenetic inferences because

additional information on intermediate states of characters seen in

some fossils may be used to link taxa that had not been considered

closely related. Extant taxa may be highly derived, with homolo-

gous features lost or difficult to detect. Fossil taxa may illustrate the

variability of some characters, aiding in determining their homolo-

gies. For example, Platanista and its fossil relatives exhibit an

articular process on the periotic bone. This process is associated

with a fossa in the squamosal bone and, in some taxa (e.g., the

Platanistidae), fits so tightly into the fossa that the periotic cannot

be removed without breaking the process. A similar process seen in

another fossil family, the Eurhinodelphidae, appears to be homolo-

gous. Zarhachis, a fossil platanistid. however, exhibits both the

articular process and the process seen in the Eurhinodelphidae,

indicating that these processes may not be homologous (Muizon

1987).

Some fossil taxa, such as the Squalodontidae, exhibit intermedi-

ate or additional character states not seen in any extant taxon. Two
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Figure 2. Ventral view of skulls showing different morphologies of the pterygoid and palatine bones in several species of cetaceans (modified from

Muizon 19841. (a), Archaeocete (Zygorhiza kochii); (b). mysticete (Balaenoptera musculus); (c), eurhinodelphid (Eurliinodelphis bossi); (d), Ponloporia

blainvillei: (e). Inia geoffrensis; (fl, ziphiid (Mesoplodon bidens); (g), delphinid {Lissodelpbis peroni). Lip, lateral lamina of the pterygoid; Llpal, lateral

lamina of the palatine; Lmp, medial lamina of the pterygoid; Pal. palatine; Prf, falciform process; Prh, hamular process; Pt, pterygoid process; Sp, pterygoid
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problems in determining appropriate outgroups and reconstructing

character states at ancestral nodes. Some workers (Barnes 1985;

Fordyce 1985; Cozzuol 1989b) have stated that at least some

squalodontids represent an early-diverging lineage within the

Odonloceti. At least three alternative branching sequences of the

Squalodontidae have been suggested (Fig. 5): ( 1 ) as the sister taxon

to the clade including the Platanistidae and Squalodelphidae

(Muizon 1987, 1991); (2) as the sister taxon to the Ziphiidae

(Fordyce 1985); (3) as one of the earliest diverging lineages within

the Odontoceti (Barnes 1985; Cozzuol 1989b; Heyning 1989). If at

least some members of the Squalodontidae are demonstrated to

have diverged before the Physeteridae and/or Ziphiidae, this again

could change polarity assignments for lineages branching off sub-

sequently and ultimately may affect the topology of the cladogram.

Similarly, the Eurhinodelphidae (Fig. 6) have been suggested as

( 1 ) the sister taxon to the Delphinida (sensu Muizon 1988a). which

include the Iniidae, Lipotidae. and Delphinoidea (Muizon 1988a);

(2) an early-diverging lineage that may have originated within the

Squalodontidae (Barnes 1985; Cozzuol 1989b); or (3) members of

the family Delphinidae (Kellogg 1928). Fordyce (1983) mentioned

similarities between eurhinodelphids and platanistids but concluded

that further study is required to determine if these similarities are

synapomorphies. These radically different hypotheses of relation-

ships emphasize the need for more study of this group. Misplace-

ment of the Eurhinodelphidae or its recognition as a nonmono-

phyletic family could lead to incorrect polarity assignments.

As has been demonstrated earlier, appropriate choice of the

outgroups serving as the basis for character polarity is vital to

inferring phylogenetic relationships. The outgroup-comparison

method has been demonstrated to be the most objective method for

determining character-state polarity (Watrous and Wheeler 1981).

When possible, more than one outgroup should be used and the

branching sequence of outgroups should be determined on the basis

of shared, derived features. Yet several cladistic studies have failed

to polarize character states on the basis of more than one outgroup

(e.g., Barnes 1985). Others often have resorted to the stratigraphic

record, generally looking at the stratigraphically earliest members

of the ingroup to assign polarities (Muizon 1984, 1987, 1988a.

Figure 6. Alternative phylogenetic positions of the Eurhinodelphidae. as

proposed by various researchers. The family represents ( 1 ) the sister taxon

of the Delphinida (Muizon 1988a, 1991), (2) an early-diverging lineage

originating within the Squalodontidae (Barnes 1985; Cozzuol 1989b). or (3)

a subset of the Delphinidae (Kellogg 1928).

1991 ). When fossil taxa within the ingroup are used, characters may
be polarized incorrectly and the resulting phylogenetic relation-

ships may be based on shared primitive characters.

Finally, computer-assisted programs (e.g., PAUP, Swofford

1990) should be used to analyze phylogenetic relationships. The

assumptions (e.g., whether or not characters were ordered or

weighted) made during the computer analyses should be described.

The matrix of character states used in the computer analysis should

also be published. If character-state matrices cannot be reproduced

accurately from the descriptions given in the text of a published

phylogenetic analysis, the results of the analysis are not reproduc-

ible.
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Figure 5. Alternative phylogenetic positions of the Squalodontidae. as

proposed by various researchers. The family represents ( 1 ) the sister taxon

of the Squalodelphidae and Platanistidae ( Muizon 1 987. 1 99 1 ),( 2 ) the sister

taxon of the Ziphiidae (Fordyce 1985). or (3) an early-diverging lineage of

odontocetes (Barnes 1985; Cozzuol 1989b; Heyning 1989).

DISCUSSION

Clearly, much work still needs to be done before the phyloge-

netic relationships of many odontocete taxa are sufficiently under-

stood. The problems regarding the phylogenetic position and/or

monophyly of some fossil taxa, however, do not negate their impor-

tance in phytogeny. As the phylogenetic relationships of the earliest

diverging lineages become further resolved and monophyletic

groups are identified, assessments of character polarities and hy-

potheses of character evolution will change. This is especially

relevant for cetaceans and river dolphins in particular, of which a

large proportion of the species are extinct. It is important not to

attribute special qualities to fossils or to overlook the inherent

biases of the fossil record. The fossil record of cetaceans is skewed,

since most fossil taxa are found in deposits originating in shallow

seas or estuaries and very few pelagic species are known. The

selective preservation of certain bony elements, such as periotic

bones or teeth, is another source of bias. Fossils inherently lack

certain characters available in extant taxa. such as soft tissue and

DNA. As Heyning (1989) showed, such characters also provide

important information for resolution of phylogenetic relationships

and should be included in data sets even though they are lacking

from fossil material. Lack of certain characters is not restricted to

fossil taxa. Extant taxa may be effectively incomplete if some of

their characters are so highly derived that homologies cannot be

determined (e.g.. nasal sacs of physeterids versus other
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odontocetes). The addition of fossil taxa will generally increase the

number of missing characters in the data matrix. Missing character

data will increase the number of equally parsimonious trees but

should not give misleading trees. The increase in the number of

equally parsimonious trees may be disconcerting; however, the

quality of a phylogeny should not be based on its recovering a

single most parsimonious tree, since that can be accomplished with

relatively high reliability with randomized data, at least with mo-

lecular data (Hillis 1991; Hillis and Huelsenbeck 1992). The best

approximation of phylogenetic relationships should consider all

available data, including fossil taxa and soft-tissue characters, ana-

lyzed with rigorous and testable cladistic methodology.
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